We examine the application of the transient CSEM method in shallow water (less than 500 m deep) using towed-streamer EM data obtained in a 2009 survey over the Peon gas field, Norway, and consider the inline electric field component. We compare the results obtained with two different source signatures: a square wave and a pseudo-random binary sequence (PRBS).
Introduction
Conventional controlled source EM (CSEM) (Constable and Srnka, 2007) is used mainly in deep water (deeper than 500 m) and employs a continuous signal emitted by a horizontal electric dipole (HED) source towed about 50 m above the sea floor and receiver nodes on the sea floor which measure both horizontal electric field components and three orthogonal magnetic field components. The in-line component of the electric field is used to detect subsurface resistors. The energy in the source signal is concentrated in a few discrete frequencies. An alternative CSEM technique (Wright et al., 2005) also uses a HED and dipole electric receivers, but the source signal is a broad-bandwidth transient signal.
In this paper we examine the application of the transient CSEM method in shallow water (less than 500 m deep) using towed-streamer EM data obtained in a 2009 survey over the Peon gas field, Norway (Anderson and Mattsson, 2010) , and consider the in-line electric field component. The location of the Peon field is shown in Figure 1 . We compare the results obtained with two different source signatures: a square wave and a pseudo-random binary sequence (PRBS, e.g. Duncan et al., 1980) . The setup is illustrated in Figure 2 . One of the goals of the trial was to compare and contrast the signal-to-noise ratio of these two signatures. 
The Data
The Peon gas reservoir is about 160 m below the sea floor in water about 380 m deep. The depth of the source and receiver were 10 m and 100 m, respectively. At a tow speed of about 4 knots it took about 90 minutes to obtain the data over one 11 km line.
A line over the Peon gas discovery was surveyed twice with the towed streamer EM system which included a 400 m electric dipole source and two in-line towed electric field receivers: once with a square wave current signature and again with a PRBS. In conventional CSEM surveying (Constable and Srnka, 2007) Hz square wave source signal was turned off after exactly 10 cycles (100 s) and 20 s 'listening time' was recorded. This cycle was then repeated. The square wave has its energy concentrated at the fundamental frequency 0.1 Hz and at odd harmonics (0.3, 0.5, etc. Hz). The PRBS used in this experiment was order 10 (2 n -1 samples long with n = 10) with a bit rate of 10 samples per second, giving a duration of 102.3 s. The signals had the same amplitude ~800 A and about the same length, so they had approximately equal energy. The 'shot' interval for each line was 120 s, so the 'listening time' for each 'shot' was about 18 s for the PRBS and 20 s for the square wave. The PRBS has its energy evenly spread out over a wide bandwidth (~0.01 -5 Hz). The transmitted source signal and the received signals were measured and sampled at 120 samples/s. Figure 3 shows the periodic nature of the recorded data for the PRBS line. On the left is the measured source current in amps. On the right is the measured electric field in V/m; that is, the measured dipole voltage has been divided by the dipole length. The impulse response of the earth is shorter than the listening time in each shot sequence. Hence, the response on the right can be regarded as a series of complete convolutions with the source signal. The source signal is very repeatable. The received signal varies, the variation being caused by the variations in the earth impulse response as the vessel moves across the target and by changes in the noise. Figure 4 shows corresponding recorded data for the square wave line. On the left is the measured source current in amps. On the right is the measured electric field in V/m. The period is again 120 s. Each period of the source signal is a 100 s square wave followed by a 20 s gap.
Figure 3 PRBS data; left: measured source current (A); right: measured electric field (V/m).

Figure 4 Square wave data; left: measured source current (A); right: measured electric field (V/m). rd EAGE Conference & Exhibition incorporating SPE EUROPEC 2011
Vienna, Austria, 23-26 May 2011 Deconvolution Figure 5 shows the earth impulse response for the first PRBS 'shot,' obtained by least squares. This is the filter (Wiener, 1949) which, convolved with the first source signature of the sequence shown in Figure 3 (left), gives a result with the minimum root mean square difference from the first measured response in the sequence shown in Figure 3 (right). The square wave data cannot be deconvolved as the source signature spectrum is essentially zero at all frequencies except 0.1 Hz and odd harmonics (0.3, 0.5, 0.7 Hz, etc.). The amplitude spectrum of the frequency response can be obtained from the square wave data at these particular frequencies by division of the spectrum of the response of Figure 4 (right) by the source spectrum of Figure 4 (left). This result is shown in Figure 6 , in red, where it is compared with the response obtained in the same place using the PRBS data. Note that the PRBS response is identical with the square wave response at the square wave frequencies; it is also continuous between these frequencies; furthermore, it also has the DC component. 
Conclusions
We have shown that the PRBS data after deconvolution have more detailed information in the frequency domain than the square wave data and include the DC component, which is absent in the square wave data. There is no information in Peon data above 2 Hz. The PRBS data had a 10 Hz bit rate. This could potentially have been reduced to 4 Hz, increasing the signal energy below 2 Hz by 150% and thus increasing the signal-to-noise ratio.
In addition, PRBS data have the advantage that further time-domain processing may be applied, including correlated noise removal (Ziolkowski et al., 2010) , which can increase the signal-to noise ratio by as much as 20 dB, and air wave removal . In addition, using the time of the peak of the earth impulse response function and travel-time to resistivity mapping has the potential to provide a starting model for inversion . These techniques must be applied in the time domain and are therefore not available to square wave data.
